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Background: To compare the ﬁndings of visual event-related potential (ERP) in patients with mild
cognitive impairment (MCI) and healthy individuals.
Methods: Twenty patients (12 males, 8 females) diagnosed as MCI who received no treatment and 20
healthy individuals (14 males, 6 females) with no cognitive impairments were included to the study. To
obtain visual ERP responses, 32 (rare) and 64 (frequent) angle checkerboard displays were used. Three
channel recordings were performed from Fz, Cz, and Pz.
Results: The mean age of the control and MCI groups were 66.0  3.6 and 66.3  4.4 years, respectively.
No statistically signiﬁcant difference was found in the mean age and distribution of gender between the
groups. Visual ERP revealed that mean N200 and P300 latencies of the MCI group were signiﬁcantly
longer than controls. The longest N200 and P300 latencies were obtained from Fz. The mean P300
amplitudes were found to be signiﬁcantly lower in patients with MCI. No signiﬁcant difference was
observed between the two groups with respect to N200 amplitudes.
Conclusion: Visual ERP canbeused to supportMCI diagnosis. Although it is not adiagnostic test for cognitive
impairment per se, it is an important, feasible, and noninvasive technique for evaluating the cognitive state.
Copyright  2013, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Mild cognitive impairment (MCI) is a cognitive decline that does
not meet the criteria of dementia and is not serious enough to
interfere with daily living activities. However, many patients with
MCI go on to develop dementia syndrome (10e15% within 1 year,
and 80%within 6 years). As cognitive impairment worsens, MCI can
cause important disabilities in social and interpersonal relation-
ships, professional life, independent living, and self-care, in other
words, in all aspects of life1e7. It can be divided into two types as
amnestic and nonamnestic forms. The amnestic form is character-
ized by memory problems. The main deﬁcit in the nonamnestic
form is impaired executive function.
Event-related potentials (ERPs) are among the most frequently
used examination methods in cognitive neurophysiology. ERPsolvement in, within the past 5
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ecommons.org/licenses/by-nc-nd/4recorded from the scalp provide data about normal information-
making processes of the human brain and the extent of alter-
ations which occur in this process under exposure to neurological
and psychiatric disorders. A typical ERP recorded from auditory,
visual, olfactory, and somatic pathways consists of a series of
negative and positive deﬂections. The most frequently examined
and deﬁned ERP component is P300. This potential is held
responsible for cognitive functions such as attention, memory,
discriminative awareness, concentration, and problem-solving. It a
sensitive measure of neural activity associated with the formation
of attention and recent memory8e11.
In this study, we aimed to compare latencies and amplitudes of
ERP responses such as N200, and P300 waves recorded in healthy
individuals and patients with MCI.2. Methods
This study enrolled patients diagnosed with MCI according to
Peterson diagnostic criteria2e4. Both amnestic and nonamnesticMCI
caseswere included in the study. TheMiniMental State Examination
(MMSE) scores of patients were between 25 and 27 points.
Depression was excluded using Beck Depression Inventory andy & Critical Care Medicine. Published by Elsevier Taiwan LLC. This is an open access
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Fig. 1. The mean latencies of N200 in MCI and control groups (p < 0.001). MCI ¼ mild
cognitive impairment.
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Visual Event-Related Potentials in Patients with Mild Cognitive Impairment 191clinical evaluation. Twenty patients (12men and 8women)whohad
not used any drug affecting cognitive functions were evaluated. As a
control group, 20 healthy individuals (14 males and 6 females)
without any neurologic and psychiatric disorders, and who were
matchedwith theMCI patients as for age and educational level were
included in the study. Subjects with any other disorder affecting
cognitive functions, those using drugs intervening with cognition,
and smokers were excluded from the study. All cases had undergone
detailed neurologic examinations, and their informed written con-
sent was obtained. Routine biochemical and hematological tests and
cranial MRI were performed on all patients. To obtain visual ERP
responses 32 (rare) and 64 (frequent) angle black/white checker-
board displays were used. The following adjustmentsweremade for
recordings: monitor analysis time: 1 second and ﬁlter settings: 1-
100 Hz. The skin was cleansed and silver-coated superﬁcial elec-
troencephalography (EEG) electrodes ﬁlled with a conductive paste
were placed at Fz, Cz, andPz. The reference electrodewas attached to
theA1 area. Before the test, the patientswere providedwith detailed
information about the procedure in order to ease them. The ambient
temperature was adjusted to 22e24C. During the test, avoidance
from auditory, tactile, and olfactory stimulants was meticulously
ensured. As an attention pattern in obtaining ERP, the patients were
required to count stimuli in case of observance of “rare stimuli”. The
test was repeated two times to ensure the reproducibility and reli-
ability of the response, and to exclude random potentials. Then, the
average of at least 126 responses was made. Latencies and ampli-
tudes of N200 and P300 waves were measured. In the statistical
analysis independent samples t test, Levene test, matched samples t
test, and Chi-square test were performed. The signiﬁcance level was
evaluated at p < 0.05.
3. Results
The mean ages of the control and MCI group were 66.0  3.6
(range: 60-72 years) and 66.3  4.4 (range: 60-76 years) years,
respectively. The control group (n ¼ 20) consisted of six (30%)
women, 14 (70%) men, while the patient group (n ¼ 20) comprised
of eight (40%) women, and 12 men (60%). Any statistically signiﬁ-
cant difference between the two groups was not found as for the
distribution of mean ages and gender. The mean latencies and
amplitudes of N200 and P300 waves in the patients with MCI and
controls are shown in Table 1. Themean latencies of N200 and P300
were found to be statistically signiﬁcantly prolonged in the MCI
group. Any signiﬁcant difference was not found between the mean
N200 amplitudes. However, mean P300 amplitudes were found to
be signiﬁcantly lower in patients with MCI (Figs. 1 and 2).
The longest N200 and P300 latencies were recorded at Fz. La-
tencies became more prolonged when recorded for anterior sites.
Visual ERP obtained from a patient with MCI is demonstrated in
Fig. 3.
4. Discussion
Visual ERP is a sensitive measure of neural activity associated
with the formation of attention, and recent memory. In normalTable 1
The mean latencies and amplitudes of N200 and P300 waves in the patients with
MCI and controls.
MCI Control p
N200 Latency (ms) 279.2  9.4 226.5  4.5 <0.001
P300 Latency (ms) 417.5  9.8 361.8  7.0 <0.001
N200 Amplitude (mV) 8.2  0.4 8.0  0.3 >0.05
P300 Amplitude (mV) 11.5  0.7 13.2  0.7 <0.001
MCI ¼ mild cognitive impairment.subjects, P300 latency is inversely correlated with mental function.
The shorter the latency, the greater is the cognitive performance.
During the aging process, increases in the latency and decreases in
the amplitude of ERP components can be expected secondary to
neurobiological changes. In studies conducted in patients with
dementia, longer P300 peak latencies found in the age-matched
control group suggested P300 component as a potentially impor-
tant indicator in the evaluation of cognitive functions. Studies with
longer follow-up periods demonstrate that the deterioration of
cognitive functions due to the progression of the morbid conditions
induces the prolongation of P300 latencies. N200 wave makes a
peak before the appearance of P300 wave, which is thought to
represent a stage of the discrimination process12e19.
In a study conducted by Papaliagkas et al, the sensitivity and
speciﬁcity of N200 latencies in patients with MCI progressing to
Alzheimer’s disease were found to be 100%, and 91%, respectively12.
Pokryszko-Dragan et al found P300 latencies in patients with mild
to moderate Alzheimer’s disease predominantly longer than those
detected in healthy subjects13 Golob et al observed longer N200
and P300 wave latencies recorded in auditory ERP tests performed0
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Fig. 2. The mean latencies of P300 in MCI and control groups (p < 0.001). MCI ¼ mild
cognitive impairment.
Fig. 3. A sample of visual ERP response from a patient with MCI [prolonged N200 (N2)
and P300 (P3) latencies]. ERP ¼ event-related potential; MCI ¼ mild cognitive
impairment.
E. Gozke et al.192in patients with mild cognitive impairment relative to the control
group14. Lai et al found that P300 latency may reﬂect cognitive
decline more sensitively than neuropsychological tests in the lon-
gitudinal follow-up of AD patients15.
The presence of neurophysiologic disorganization of ERP waves
in probable MCI patients may be helpful for deﬁnite diagnosis. For
the earlier identiﬁcation of Alzheimer’s disease, the measurement
of N200 and P300 latencies has been strongly encouraged16e21. The
evaluation of amplitudes and latencies of all waves (N200, P300)
obtained in ERP test may provide valuable information about the
patients with cognitive decline22.
In our study, similar to previous studies, N200 and P300 wave
latencies recorded in cases with MCI during the ERP test were
found to be statistically signiﬁcantly longer than those detected in
healthy subjects. The longest N200 and P300 latencies at Fz point
are thought to be related to defective frontal processing. Some
previous studies have reported that P300 latency increases at
posterior (Cz and Pz) recordings22e24. There is no consensus on this
subject.
In conclusion, although event-related endogenous potentials
are not diagnostic for MCI per se, it is signiﬁcant, easily performed,
and a noninvasive technique, especially used to evaluate cognitive
decline. Identiﬁcation of MCI patients using neurophysiologic tests
is still a subject of debate. ERP studies with larger patient popula-
tion, and longer follow-ups can provide detailed information.References
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